This study was performed to evaluate the tootWrestoration interface created between a composite resin and the tooth surface in teeth where caries removal and cavity preparation were performed either conventionally or using the Q-switched nanosecond pulsed Nd:YAG laser. Microscopic evaluation of the laser-prepared surfaces was performed.
Materials and Methods

Laser Device
The Nd:YAG laser (Medlite, Continuum Biomedical, 3150 Control Expwy. Santa Clara, CA 95051) emitted at a wavelength of 1064 nm; pulse durations approximated 5-iOns. Light was delivered through an articulated arm and an adjustable handpiece, with a spot size of 2mm.
Class V cavities/Composite Resin
20 extracted human teeth with clinical evidence of Class V decay were used for this section of the study. In an attempt to gather similar samples, only teeth with darkly discoloured carious dentin and no gross structural cavitation or destruction as determined by the naked eye were included. These teeth were divided into two groups containing 10 samples respectively which were as well matched as possible with regard to lesion size. Group A: Caries was removed and class 5 cavity preparations were performed using the Nd:YAG laser. Group B: Caries was removed and class 5 cavity preparations were performed using the high speed dental drill with carbide burs and water spray according to conventional technique.
Laser Parameters
Fluences of 2-8 3/cm2 were used at a frequency of 5 Hz and a spot size of 2mm. . Irradiation durations measured from 1 minute to several minutes. Irradiation was stopped repeatedly to assess the progress of caries removal. Irradiation was performed until no more decay could be removedthis was assessed by visual and tactile inspection. Flashes and acoustic effects became minimal at this endpoint.
After cavity preparation, surfaces were rinsed with water. The samples were then air dried for 10 seconds. Prisma VLC DYCAL base/liner was applied and polymerized according to manufacturer's instructions. The enamel was acid conditioned with a caulk conditioner gel (37% phosphoric acid) for 60 seconds, rinsed with water for 15 seconds and Probond primer applied. Probond Adhesive was applied, cured for 20 seconds and the cavity was filled incrementally with a Hybrid Composite Resin (Prisma AP.H VLC Hybrid Composite). Using coarse (#1982M), medium (#1982F), and fine (#1982 ) Sof-Lex Pop-On polishing discs, restorations were trimmed and polished.
Dye Penetration tests
10 specimens from each group were immersed in a 5% methylene blue dye for four hours as described by Kaplan et al.. 45 Samples were observed using light microscopy, specifically at the toothlrestoration interlace, prior to dye penetration measurements. Specimens were then split into two sections and dye penetration was measured linearly, to its furthest extent, within the dentin using an Olympus light microscope (Olympus Optical Co., Ltd., Japan). Statistical analysis was performed using a two-tailed student's t -test. 3 
RESULTS
In the teeth with cervical lesions, laser treatment appeared to the naked eye to achieve a caries-free cavity, whose surface felt hard when probed with the dental explorer. However, a complete removal of carious tooth substance by laser irradiation was apparently not attained in the teeth with Class 5 decay. In these samples, a residual layer of softened and discoloured enamel and dentin was not ablated using laser irradiation. To the naked eye there was no obvious difference in tooth restoration interface between the laser prepared teeth and the drill prepared teeth after filling. In the light microscope, the interface in the laser prepared teeth appeared very variable. Statistical analysis using the two tailed student's t-test showed a significant difference (0.01) between the laser and drill prepared samples. The average penetration for hte laser samples measured 0.67 +1-0.37 mm and the drilled samples measured 0. 14 +1-0.225 mm.
DISCUSSION
Throughout this investigation, care was taken to avoid dehydration of tooth samples. For each of the 2 groupings established, specimens were used with carious lesions of approximately the same size and localization. These measures were instituted as these factors significantly affect the results of bonding studies. 60 Complete removal of carious tooth substance was not achieved in this study using the nanosecond pulsed Nd:YAG laser. Other authors have achieved varying levels of caries removal using Nd:YAG laser devices emitting longer pulses of radiation at 1064 nm. Myers et al reported effective ablation of incipient pit and fissure lesions in extracted human teeth 28, but used a conventional dental handpiece to complete laser cavity preparation in carious enamel and dentin of primary molars 50
In a 3-year clinical trial, White et a! also applied laser irradiation in conjunction with the conventional dental handpiece for cavity preparation.
In contrast to studies performed at 1064nm using longer pulse durations laser irradiation using nanosecond pulses caused minimal structural changes or damage in underlying dentin as observed by light microscopy. Previous investigations have determined small and transient temperature increases in collateral tissues using nanosecond pulses 1821,53,54 compared to significant thermal effects at longer pulse durations (REF. quote numbers). Consequently, studies using longer-pulsed Nd:YAG irradiation have often determined thermal damage to hard dental tissues and temperatures exceeding the safety threshold within the pulp chamber 62 whereas nano-second pulses minimize these consequences. 18-21, 53,54 There exists surprisingly little information on the microstructural effects in carious enamel and dentin of Nd:YAG laser irradiation. In this investigation residual surfaces showed SP!E Vol. 2672 / 161
little thermal or mechanical damage in the form of cracks, craters or melting.
Minimal thermal effects were expected, due to the short laser pulses used . Caries removal using the laser was incomplete in the Class 5 caries group. Although Ehudin et al 61 reported the possibilty of bonding resins to the collagenous structures in carious dentin, an adequate bond between the resin and the residually carious tooth surface was not achieved in this investigation. These results are confirmed by resin bond strength measurements performed on healthy, hyper-and demineralized dentin samples by Perdigao et al. 64 Healthy dentin performed better than hypermineralized samples; the weakest bonding was consistently observed using demineralized dentin specimens. Areas of hypermineralization and demineralization are found below or within carious lesions, respectively. 64
The results of this study demonstrate that a wide range of laser effects including thermal, morphological and structural factors, as well as the influence of laser irradiation on bonding mechanisms, must be fully investigated before clinical application of laser technology as an alternative to the dental drill. 
